Aims Transient atrial fibrillation is a relatively common arrhythmia in the early phase of acute Q-wave myocardial infarction. However, the role of infarction-associated pericarditis on the genesis of atrial fibrillation is controversial. This study was designed to examine the relative importance of infarction-associated pericarditis among other clinical variables on the genesis of transient atrial fibrillation in patients with acute myocardial infarction.
Introduction
Pericarditis is a relatively common complication of acute myocardial infarction [1] [2] [3] [4] [5] . Some earlier reports have found pericarditis to be one of the factors associated with the occurrence of atrial fibrillation [2, 3, 6, 7] , but in contrast to the established role of haemodynamic change and ischaemia of the atrium, the role of pericarditis itself on the genesis of atrial fibrillation in the acute phase of myocardial infarction is controversial. PQ-segment deviation is detected in most patients with pericarditis and is almost as characteristic in diagnosing pericarditis as the detection of pericardial rub [8, 9] . However, in patients with infarction-associated pericarditis, PQsegment depression was observed in a minority of patients who had extensive myocardial damage [10] . In this study, we examined the relative importance of pericardial rub, PQ-segment depression and pericardial effusion among seven other clinical factors related to the occurrence of atrial fibrillation in patients with a first acute Q-wave myocardial infarction.
Methods

Patients
We studied 529 patients with a Q-wave acute myocardial infarction who fulfilled the following criteria: (1) admission to the coronary care unit less than 24 h from the onset of chest pain and survival in the first 3 days after admission, (2) no prior history of myocardial infarction, (3) sinus rhythm on admission, and (4) no history of chronic renal failure, collagen disease, cardiac surgery within the previous 6 months, or metastatic disease. During this period, a technically satisfactory echocardiogram could not be obtained in 48 patients and haemodynamic measurements were not determined in 83 patients, and they were not included in this study. Therefore, this study consisted of 398 patients.
Clinical evaluation
A diagnosis of Q-wave myocardial infarction was made when patients had ST-segment elevation (d0·1 mV above the TP segment measured 80 ms after the J point) with new Q-waves (more than two in leads V 1 to V 6 , or in lead II, III, and aV) on serial ECGs and at least twice normal levels of serum creatine kinase, with MB isoenzyme d5%. All patients were monitored continuously in the coronary care unit, and atrial fibrillation observed or triggered by the rate-dependent system during the first 7 days was evaluated. Atrial fibrillation was defined by the ECG as fine irregular atrial waves associated with irregular R-R intervals. Twelve lead ECGs were taken on admission and at least every 8 h for the first 3 days. Atrial repolarization was assessed by studying the PQsegment using a magnifying glass. To maximize the diagnostic accuracy in excluding rate dependent PQsegment depression, at least 0·5 mm of PQ-segment depression from a TP segment observed for more than 24 h in both limb leads (II and aV) and precordial leads (more than two in leads V 3 to V 6 ) was considered diagnostic of PQ-segment depression. PQ-segment depression was considered present only after it was independently diagnosed by at least two of three cardiologists who had no knowledge of the clinical findings. Five patients were not included in this study because atrial infarction was suspected: two patients with PQ-segment elevation in I and aV leads and three because of associated P wave abnormalities [11] . All patients were examined by careful auscultation at least twice daily. The frequency of these examinations were increased in patients with pleuritic chest pain or any other recurrent chest pain. The auscultation covered not only the left parasternal area but also the base and xyphoid regions. Pericardial rub was considered to be a to-and-fro scratchy, grating, or creaking noise heard in systole, mid-diastole, and presystole or in any one of these phases. Identification of pericardial rub was based on non-conformity with the characteristic locations, radiations, and respiratory responses of most murmurs and thrills [12] . Auscultatory, palpatory and respiratory observations were performed independently within a few minutes of each other, and the diagnosis of pericardial rub was made only after agreement by at least two cardiologists unaware of the ECG findings. Detection of pericardial rub during the first 72 h after admission was considered diagnostic of infarction-associated pericarditis. Arterial blood was taken from the radial or femoral arteries at the time of admission with the patients breathing room air. The alveolar-arterial oxygen pressure difference was calculated by assuming a respiratory quotient, equal to 0·8. Haemodynamic measurements including cardiac output, pulmonary capillary wedge pressure and right atrial pressure were determined by the Swan-Ganz method.
Echocardiography
Two-dimensional echocardiography was performed with an SSD 870 phased-array sector scanner (Aloka Co., Ltd., Tokyo, Japan). All classic views were recorded on videotape for subsequent analysis by observers who were unaware of the patients' clinical data. Analysis of the left ventricular wall was performed in 11 segments assessed by long-and short-axis images obtained on the third day of hospitalization [13] , and the number of segments with advanced asynergy (akinesis or dyskinesis) was calculated by observers blinded to the clinical data. Doppler echocardiography was performed when pericardial rub was first detected in order to rule out mitral regurgitation caused by papillary muscle dysfunction. The presence of pericardial effusion was assessed on the day of hospitalization. An epicardial-pericardial separation that persisted throughout the cardiac cycle (D pattern) was considered diagnostic of pericardial effusion [14] . Functional left ventricular aneurysmal motion was defined by two-dimensional echocardiography as an area of thinned myocardium that was dyskinetic in systole with distinct diastolic deformity and preserved adjacent wall motion [15] .
Statistical analysis
Results are reported as mean (standard deviation). Statistical analysis between the two groups was performed by Student's t-test for quantitative data and Fisher's exact probability test for qualitative data. Stepwise logistic regression analysis was performed using SAS (version 6.09, logistic procedure) to evaluate the important variables related to atrial fibrillation. A P value <0·05 was considered as statistically significant.
Results
Incidence
Among the 398 patients with acute Q-wave myocardial infarction, atrial fibrillation was detected in 76 patients (19%) and was absent in 322 patients. None of the patients had atrial fibrillation within 3 h of the onset of chest pain. All episodes of atrial fibrillation converted to sinus rhythm spontaneously or by therapy. PQ-segment depression was detected in 38 patients (10%) in both limb leads (II and aV) and precordial leads (more than two in leads V 2 to V 6 ) and was absent in 360 patients.
Pericardial rub was present in 77 patients (19%) and was absent in 321 patients during the first 3 days after admission. None of the 77 patients with pericardial rub had haemodynamically significant mitral regurgitation by Doppler echocardiography.
Clinical characteristics of atrial fibrillation (Table 1)
Two hundred and twenty-eight patients had anterior and 170 patients had inferior myocardial infarction; 46 patients (61%) with atrial fibrillation and 182 patients (57%) without had anterior myocardial infarction: difference not significant. The patients with atrial fibrillation were significantly older and had more left ventricular segments with advanced asynergy and a larger alveolar-arterial oxygen pressure difference than those without. Sixteen (42%) of 38 patients with PQsegment depression, 23 (30%) of 77 patients with pericardial rub and 36 (34%) of 105 patients with pericardial effusion had atrial fibrillation. Patients with atrial fibrillation had a significantly higher incidence of PQsegment depression, pericardial rub and pericardial effusion than those without. All the patients underwent right heart catheterization immediately after admission when in sinus rhythm. Patients with atrial fibrillation had significantly lower cardiac output, higher pulmonary capillary wedge pressure and right atrial pressure than those without. To determine the important variables associated with the occurrence of atrial fibrillation, stepwise logistic regression analysis was performed using ten clinical variables (location of myocardial infarction, age, the number of left ventricular segments with advanced asynergy, alveolar-arterial oxygen pressure difference, PQ-segment depression, pericardial rub, pericardial effusion, cardiac output, pulmonary capillary wedge pressure and right atrial pressure). As a result, PQ-segment depression ( SE=0·794 0·392, chisquare=4·10, P<0·05) was selected with age ( SE=0·039 0·012, chi-squared 10·52, P<0·005) the number of left ventricular segments with advanced asynergy ( SE=0·240 0·088, chi-square=7·73, P<0·01) and pericardial effusion ( SE=0·808 0·287, chisquare=7·95, P<0·005) as important factors related to atrial fibrillation. However, pericardial rub was not selected as a significant factor related to atrial fibrillation. 
Comparison of haemodynamic measurements among the four selected variables (Table 2)
When the haemodynamic measurements among the four selected variables were evaluated, pulmonary capillary wedge pressure was significantly higher in patients with PQ-segment depression, pericardial effusion and larger number of advanced asynergy than those without them.
Medications
One hundred and forty-nine patients received intravenous thrombolytic therapy (urokinase or recombinant tissue-type plasminogen activator) or intracoronary urokinase. Ten of 38 patients with PQ-segment depression, 32 of 76 patients with atrial fibrillation and 38 of 105 patients with pericardial effusion had thrombolytic therapy, whereas 139 of 360 patients without PQsegment depression, 117 of 322 patients without atrial fibrillation and 111 of 293 patients without pericardial effusion had thrombolytic therapy: difference not significant (P=0·28, P=0·36 and P=0·89).
Discussion
Findings of this study
Atrial fibrillation is a relatively common arrhythmia in patients with acute myocardial infarction, but usually occurs later than 24 h after the onset of acute myocardial infarction [7, [16] [17] [18] [19] [20] . The mechanisms involved in the genesis of atrial fibrillation are mostly focused on ischaemia of atrial tissue and haemodynamic change imposed on the atrium due to heart failure [17] [18] [19] [20] . Although some earlier reports indicate a higher incidence of atrial fibrillation in patients with infarction-associated pericarditis [2, 3, 7, 16] , it is still unclear whether the onset of atrial fibrillation is related to pericarditis in itself or to associated haemodynamic change imposed on the atrium by more extensive myocardial damage. In this study, atrial fibrillation was detected in 76 patients (19%) and PQ-segment depression and pericardial effusion were selected, with age and the number of left ventricular segments with advanced asynergy as important factors related to the occurrence of atrial fibrillation.
Atrial fibrillation
Hod et al. reported that acute left atrial ischaemia was the primary cause of atrial fibrillation, occurring less than 3 h after acute myocardial infarction [21] . In our study, none of the patients had atrial fibrillation within 3 h of chest pain and we found no significant difference in the incidence of atrial fibrillation with respect to the location of the infarct area. Therefore, although transient ischaemia of atrial tissue cannot be completely denied, it is highly unlikely that compromise of the left circumflex artery played a major role in the occurrence of atrial fibrillation in our patients. Because the sinus node is embedded just beneath the visceral pericardium of the thin right atrial wall, James et al. suggested that the incidence of atrial arrhythmias during pericarditis in most patients with heart disease is higher than generally realized due to sinus node or perinodal infiltration of inflammatory pericardial disease [6] . Furthermore, Spodick reported that all serious rhythm disturbance in pericarditis occurred with heart disease, mainly in patients with acute myocardial infarction [22] . In this study, the diagnosis of pericarditis was made on the basis of pericardial rub, but pericardial rub was not selected as a significant factor related to atrial fibrillation by the multivariate analysis. It is not surprising to find no significant relationship between pericardial rub and atrial fibrillation in patients with myocardial infarction, because actual inflammatory damage should remain in the area overlying the infarct in infarction-associated pericarditis, and pericardial inflammation is unlikely to penetrate the sinus node in most of the patients with infarction-associated pericarditis.
PQ-segment depression is detected in most patients with pericarditis and is almost as characteristic as ST-segment elevation [8, 9] . In contrast to pericarditis of other origin, we found that PQ-segment depression across the precordial and inferior leads was observed in a minority of patients with infarction-associated pericarditis who had more extensive myocardial damage [10, 23] . In this study, PQ-segment depression was found in 31% of patients with pericardial rub and was selected as a significant factor associated with the occurrence of atrial fibrillation. Furthermore, the patients with PQ-segment depression had a higher pulmonary capillary wedge pressure than those without it. Thus, in considering the results of the multivariate analysis, one possible mechanism for the higher incidence of atrial fibrillation in patients with generalized PQ-segment depression is the increase in atrial pressures due to extensive myocardial damage.
Pericardial effusion during acute myocardial infarction is due to fluid retention or pericardial irritation [12, 24] . Among the patients with infarctionassociated pericarditis, we found that pericardial effusion was found in patients with larger-sized infarcts [25] . In this study, patients with pericardial effusion had a significantly higher pulmonary capillary wedge pressure than those without it. Pericardial effusion was selected as an important factor related to atrial fibrillation by multivariate analysis. Our data indicate that pericardial effusion, regardless of the cause, is one of the clinical signs associated with the occurrence of atrial fibrillation.
A very clear increase in the incidence of atrial fibrillation with advanced age was found. As there were no significant differences in the haemodynamic indices between the two age groups, atrial fibrillation in the elderly may be related to the increased incidence of age-related coexisting pathological changes in the non-infarcted myocardium and atrial tissue.
Limitations
It has been reported that prolongation of the P wave over 0·12 s in lead II of the ECG is a predictor of paroxysmal atrial arrhythmia [26] [27] [28] . Although patients with a P wave duration over 0·12 s were not included in our study, the relationship between the duration of the P wave and the occurrence of atrial fibrillation was not examined. Further studies should be carried out to elucidate the relationship inter-atrial block and the occurrence of atrial fibrillation.
Clinical implication
Because infarction-associated pericarditis is localized, a pericardial rub was not a clinical sign associated with the occurrence of atrial fibrillation. However, PQ-segment depression and pericardial effusion are two non-invasive clinical signs of the increased incidence of atrial fibrillation in patients with infarction-associated pericarditis, because they are associated with more extensive myocardial damage, which leads to an increase in atrial pressures.
